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Description 

COMBINATIONS OF BETA-BLOCKERS AND PILOCARPINE 



SUMMARY OF THE INVENTION 
5 This Invention is concerned with an ophthaimological formulation comprising in combination a p-adrenergic 

receptor antagonist and pilocarpine as active ingredients and the use of that formulation in a twice a day 

dosage regimen for the treatment of elevated Intraocular pressure in patients refractory to treatment with 

P-adrenergic receptor antagonists alone. 
It is also concerned with preformulation products comprising either a solid and a liquid or two liquids which 
10 are combined shortly before use, either by the pharmacist or the patient, and means for combining the two 

components of the preformulation products. 

BACKGROUND OF THE INVENTION 
Since the introduction in 1979 of timolol eye drops as a twice daily treatment for glaucoma, It has been the 
15 experience of many clinicians that in between loo/o and 32o/o of patients the intraocular pressure (lOP) is not 
adequately controlled even with O.50/0 timolol twice daily. In over half of these it is found possible to gain 
control by adding pilocarpine to the regimen. In time, probably due to progression of the disease process a 
few more experience ioss of lOP control and require additional therapy. 

It has been reported that combining timolol with other therapies can be partially additive. Indeed it could be 
20 viewed as rational to combine timolol, which lowers lOP by reducing aqueous production with a drug like 
pilocarpine acting by enhancing outflow through the trabecular meshworl<. Pilocarpine has a 6-8 hour period of 
efficacy and is normally given four times a day for that reason. Even so it has been shown that the diurnal curve 
of lOP on pilocarpine therapy can show swings of pressure of 5 mmHg or more. Thus it would be expected that 
additional lOP lowering achieved by adding pilocarpine to timolol would not be smooth unless the pilocarpine 
25 was administered 6 hourly thus losing the benefit of twice a day dosage. 

Now, with the present invention, there is provided a combination therapy for elevated intraocular pressure 
and glaucoma comprising twice a day topical ocular administration of a P-biocker and pilocarpine which results 
in a smooth, well controlled reduced intraocular pressure. 
Pilocarpine is chemically unstable at pH values of about 4 and greater, but ophthalmic formulations of that 
30 low a pH are not acceptable to patients because of the stinging sensation on instillation in the eye. 
Accordingly, formulations of pilocarpine such as those of this invention to gain patient acceptance should have 
a pH of about 5,5 to 7.0 and are best if constituted by the retail pharmacist at the time of dispensing the 
prescription or by the patient just before the first administration. 
With this invention there are provided preformulation products comprising a solid and a solution or two 
35 separate solutions. 

In addition to patient acceptance, it is also important that an actual combination be used as opposed to 

administration of each component separately inasmuch as administration of drops of a second component has 
a tendency to wash away the drops of the first component thus eliminating the benefits to be derived 
therefrom. Furthermore double administrations tend to reduce patient compliance. 

40 

DETAILED DESCRIPTION 

The novel method of treatment of this invention comprises the topical ocular administration, twice a day, of 
one or two drops of a novel formulation comprising as active ingredients an ophthalmic p-blocker and 
pilocarpine, wherein the concentration of the p-biocker is about 0.5 to 1 .0(Vo (w/v) and the concentration of the 
45 pilocarpine is about 20/o to 40/o (w/v). 

The p-blockers useful in the novel method of this invention include[carteoiol, befunolol, metipranoiol, 
pindolol, betaxolol, levobunolol, and timolol], and ophthaimologically acceptable salts thereof. 

By far the most preferred p-blocker as an ophthalmic agent, and in the present invention is timolol maleate. 

The novel preformulation products of this invention to permit constitution just prior to use to form the novel 
50 formulation of this invention comprise a sterile solid and a sterile solution, or two sterile solutions. 

In the case of the solid/liquid preformulation, the solid is sterile iyophilized pilocarpine and the liquid is a 
sterile buffered solution of timolol maleate. in the case of a liquid/liquid preformulation one liquid Is a sterile 
aqueous solution of pilocarpine and a p-biocker; and the other a sterile aqueous solution of buffers. In each 
case the components have adequate shelf life, with means for combining the two solutions in a sterile fashion 
55 to provide a combination formulation of about pH 6.0 to 6.8 so that the tendency to sting on administration is 
minimized. 

A delivery system for use with the preformuiations requiring reconstitution before use is provided by U.S. 
Patent 4,573,506, the disclosure of which is incorporated herein by reference. 
Typical formulations are as follows: 
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Wet/Wet Fo,Tiu1at1or>s - Borate Suffgr 



Concentrate 
Timolol maleate 
Pilocarpine HCl 
Benzalkonium Chloride 
Water for Injection 

Mlugni 

Boric Acid 

Sodium Borate 

Benzal koni urn Chloride 

Water for Injection 

Reconstitu ted Solution 
Timolol Maleate 
Pilocarpine HCl 
Boric Acid 
Sodium Borate 
Benzal koni um Chloride 
Water for Injection 



C-TP2 
wq/ml 

13.66 
40.00 

o.n 

q.s. 



C-TP4 
inq/ml 

13.66 
80.00 
0.11 
q.s. 



A-TP2 
mq/ml 

13.66 
40.00 
0.11 
q.s. 



A~TP4 
mc/wl 

13.66 
80.00 
O.n 
q.s. 



8.00 
7.00 

O.n 

q.s. 



T2.00 
30.00 
0.11 
q.s. 



8.00 
14.00 
0.11 
q.s. 



25.00 
8.00 
0.11 
q.s. 



6.83 6.83 

20.00 40.00 

4.00 6.00 

3.50 15.00 

O.n 0.11 

q-S. q.s. 



6.83 6.83 

20.00 40.00 

4.00 4.00 . 

7.00 12.50 

O.n o.n 

q.s. q.s. 
pH = 6.S-6.5 pH = 6.8-6.5 
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Wpt/Wet Fonnulations - Phosphate Buffer 





B-TP2 


B-TP4 


TP2 


TP4 . 




mg/ml 


mg/ml 


mg/ml 


mg/ml 


Concentrate 










Timolol maleate 


13.66 


13.65 


13.66 


13.65 


rl lOCarpine nui 


40.00 


80.00 


40.00 


80.00 


Benza! koni um Chloride 


0.11 


0.11 


0.11 


o.n 


Water for Injection 










Diluent 










Dibasic Sodium Phosphate, UH^O 


22.60 


45.50 


39.40 


80.00 


Sodium Di hydrogen Phosphate, ZH^O 










Benzal koni um Chloride 






0.11 


0.11 


Water for Injection 


q.S. 








Reconstituted Solution 










Timolol Maleate 




6.83 


6.83 


6.83 


Pilocarpine HCl 


20.00 


40.00 


20.00 


40.00 


Dibasic Sodium Phosphate, IZH^O 


11.30 


25.23 


19.70 


40.00 


Sodium Dihydrogen Phosphate. 2H^0 


4.35 


11.85 


0.50 




Benzalkonium Chloride 


0.11 


0.11 


0.11 


O.n 


Water for Injection 


q.S. 


q.S. 


q.S. 


q.S. 


PH 


= 6.3-6.0 pH 


= 6.3-6.0 pH = 6.8-6.5 pH - ( 



4 



0 253 717 



Wet/Drv Formu lations - Borate Buffar 
pH of the reconstituted solution: 6.8 - 6.5 



Lvophilisate 



Pilocarpine HCl 
(for 5 ml diluent) 



100 mg 200 mg 



mg/ml mg/ml 



Timolol Maleate 
Sodium Borate 
Boric Acid 

Benzalkonium Chloride 
Water for Injection 



6.83 
4.00 
7.00 
0.11 
q.s. 



6.83 
12.50 
4.00 
0.11 
q.s. 



Reconstituted Snlnti nn 



mg/ml mg/ml 



Timolol Maleate 
Pilocarpine HCl 
Sodium Borate 
Boric Acid 

Benzalkonium Chloride 
Water for Injection 



6.83 
20.00 
4.00 
7.00 
0.11 
q.s. 



6 . S3 
40.00 
12.50 
4.00 
0.11 
q.s. 
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Wet/Drv Formulations - Phosphate Buffer 
pH of the reconstituted solution: 6.8 - 6.5 

5 

L-TP2 L-TP4 

Lvophilisate 

10 

Pilocarpine HCl 100 mg 200 mg 

(for 5 ml diluent) 
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Diluent . 


mg/ml 


mg/ml 


20 


Timolol Maleate 


6.83 


6.83 




Dibasic Sodium Phosphate, l^H^O 


19 . 70 


40.00 




Sodium Dihydrogene Phosphate,- 2H2O 


0.50 




25 


Benzalkonium Chloride 


0.11 


0.11 




Water for Injection 


q.S. 


q.S. 


30 


Reconstituted Solution 


mg/ml 


mg/ml 




Timolol Maleate 


6.83 


6 . 83 


35 


Pilocarpine HCl 


20.00 


40.00 




Dibasic Sodium Phosphate, I2H2O 


19.70 


40.00 




Sodium Dihydrogene Phosphate, 2H2O 


0.50 




40 


Benzalkonium Chloride 


0.11 


0.11 




Water for Injection 


q.S. 


q.S. 



The study leading to the present invention was designed to establish, by recording full 24 hour diurnal lOP 
curves, whether pilocarpine used twice daily with timolol achieved lower lOP than timolol alone and whether 
the control was smooth. We further studied whether using pilocarpine 6 hourly with timolol 12 hourly produced 
smoother or more effective control of lOP than when both were administered 12 hourly. 

SO PATIEIMTS AND METHOD 

Patients aged 40 or over, male or female, all white, with either ocular hypertension or primary open angle 
glaucoma with an lOP in one or both eyes of 22 mmHg or more at one time point each day while receiving 
timolol 0.50/0 twice a day (bd) alone were admitted. Patients had been on timolol 0.50/o bd, either alone or in 
combination for at least six weei<s prior to study entry and had been on timolol 0.50/o bd as their sole glaucoma 
therapy for at least two weel<s prior to study admission. 

Secondary glaucoma was an exclusion as was a history of glaucoma surgery or laser trabeculopiasty/gonio- 
plasty. Patients for whom timolol was contraindicated by the datasheet were excluded and also excluded were 
those on a concurrent p-blocker, carbonic anhydrase Inhibitor, or clonldine. 24 patients entered the study in 
the order in which they appeared in the Out Patient Department for their routine appointments. There were 1 1 

^ males and 13 females with a modal age of 70 years (range 45-81 years). 

Procedure 

1 . All patients had their central visual fields plotted by Goldman Perimetry prior to study entry. 

2. Patients were admitted for a 24 hour diurnal curve (i.e.: lOP recorded at 06.00, 10.00, 14.00, 18.00, 
^ 24.00 hours approximately, the 06.00 and 1 8.00 recordings were immediately prior to the instillation of the 
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drops). All pressures were measured by the same observer using the same Goldman applanation 

tonometer. 

3. Following recording of the baseline Diurnal Curve on timolol 0.50/o bd patients were instructed to add 
pilocarpine 20/o bd to each eye administered 5 minutes after the timolol and to return in 2 weel<s for a 
second Diurnal Curve. 5 

4. if the lOP was stiii >21 mmHg at one or more time points in either eye during the second Diurnal 
Curve the patient was given pilocarpine Wo bd (to replace the pilocarpine 20/o) and told to return in a 
further 2 weeks for a further Diurnal Curve. 

5. Finally all patients were given timolol 0.50/o bd plus pilocarpine 2o/o or Wo four times a day (qld) 
depending on the result of the previous dose titration and told to return in a further 2 weeks for their final 10 
Diurnal Curve. 

Overall it was apparent that the major effect of adding pilocarpine bd to timolol was that an additional 
significant reduction in lOP occurred. Patients who were previously uncontrolled at some time point were now 
brought under control as defined by an lOP of 21 mmHg. An additional benefit of adding pilocarpine bd to 
timolol was that the range of iOP variations over a 26.5 hour period could be reduced although the number of is 
patients in whom the range would be reduced to <5 mmHg was of equivocal significance. 

Taking these facts together it was possible to draw clinical reassurance that if pilocarpine bd were used with 
timolol bd there would not be periods during the 24 hours when the pilocarpine would be failing to produce an 
additional and adequate pressure lowering. Comparing the smoothness of control found in this study with that 
found in previous studies it appears that timolol has a smoothing effect on the often considerable diurnal 20 
variation seen In eyes treated with pilocarpine. 

The nature of the synergistic mechanism between timolol and pilocarpine appears to have at least a 12 hour 
period of action. Purely lowering the intraocular pressure more may reduce the variation. It may be that a truly 
synergistic effect is being seen and that even a small increase in outflow is sufficient to lower the IOP in the 
presence of a suppressed aqueous production. 25 

No clear cut advantage could be seen from the use of pilocarpine qid as opposed to bd when 
coadministered with timolol 0.50/o bd. The more frequent pilocarpine administration did not greatly influence 
the flatness of the lOP/Time plot which Is where a difference would have been Intuitiveiy expected. A 
combination of timolol O.SQ/b with either pilocarpine 20/o or 40/o administered twice daily is a useful addition to 
the agents available for glaucoma management. go 



1 . An ophthalmic formulation comprising 0.5 to 1 o^ (w/v) of an ophthalmic ss-blocker and 2 to 4% (w/v) 
of pilocarpine and a buffer to maintain pH 6.0 to 6.8. 

2. The formulation of Claim 1, wherein the ^-blocker is timolol maleate and the buffer is a borate or a 
phosphate buffer. 

3. The formulation of Claim 2, wherein the buffer is a phospliate buffer. 

4. An ophthalmic preformulation product comprising lyophilized pilocarpine hydrochloride and a 
solution of an ophthalmic p-blocker and a buffer and means for combining the two to produce a solution 
comprising 0.5 to 1 o/o (w/v) of the p-blocker and 2 to 4P/b of pilocarpine with pH 6.0 to 6.8. 

5. The preformulation product of Claim 4 wherein the p-blocker Is timolol maleate and the buffer Is a 
borate or phosphate buffer, 

6. The preformulation of Claim 5 wherein the buffer Is a phosphate buffer. 

7. A method of treating elevated intraocular pressure and glaucoma by administering twice a day, to a 
patient in need of such treatment, the ophthalmic fomiuiation of Claim 1 . 

8. The method of Claim 7 wherein the p-blooker is timolol maleate and the buffer is a borate or a 
phosphate buffer. 

9. The method of Claim 8 wherein the buffer Is a phosphate buffer. 
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